The cytogenetic interactions in maize X Trip sacum hybrid derivatives can be remarkably complex. The number of viable, somewhat female fertile chromosome combinations is astonishing. Fifty-four different combinations are listed in this paper, and others are certainly possible. In successive backcrosses to maize, chromosome numbers scale both up and down with ease, sometimes stabilizing for a few generations via apomixis, but in most cases finally generate balanced maize genomes and emerge as recovered maize. The maize, however, can produce strange and unusual phenotypes as a result of genetic transfers from Tripsacum. Highly tripsacoid maize lines with 2n = 20 chromosomes were recovered in pathways where the maize genome had first contaminated the Tripsacum genome in early backcross generations. In other pathways interaction of the two genomes is rare. Dominant resistances to six maize diseases were found in BC8 populations.
Mangelsdorf and Reeves (1) were the first to establish that Tripsacum and Zea mays could be hybridized. This was one of the classic cytogenetic discoveries of the twentieth century and potentially placed a vast array of genetic variability within reach of plant breeders. Trpsacum is a small genus but contains great variation and occurs naturally from northern U.S.A. to Paraguay and Bolivia. There are forms adapted to swales in the North American prairies, to eastern coastal plains, to deep sandy soils, to semi-arid conditions in Mexico, to rocky out-crops, to wet tropical conditions in a forest climax, and to the banks of tropical rivers. Within this vast array of genetic variability there are surely many traits that would be useful in the improvement of maize.
To date, the potential has not been realized, and few and sporadic efforts have been made to exploit the possibilities. Mangelsdorf and Reeves (2) showed that the hybrids may be somewhat female fertile and that repeated backcrossing to maize will eliminate the Tripsacum chromosomes and enable pure maize to be recovered. Maguire (3) showed that segments of Tripsacum chromosomes can be transferred to maize chromosomes. Reeves and Bockholt (4) reported improvement of a maize inbred after it had been recovered after hybridization with Tripsacum. Galinat (5) has produced a number of stabilized addition lines of maize containing different pairs of Tripsacum chromosomes. Simone and Hooker (6) have extracted resistance to northern corn leaf blight from T. floridanum, and Petrov et al. (7) have extracted elements of an apomictic mechanism from tetraploid T. dactyloides. A number of other workers have studied maize X Tripsacum hybrids, most notably Randolph (8) , Farquharson (9) , Anan and Leng (10), and Chaganti (11) , yet the enormous potential remains essentially untapped.
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Our studies of the Crop Evolution Laboratory suggest that genetic transfer from Tripsacum t6 Zea mays is far more complex and involved than had been thought and that some of the more promising pathways have not yet been explored. It is now apparent that the choice of the Tripsacum parent is critical and that events occurring in the early backcross generations largely determine the ultimate outcome. This paper summarizes some of our more recent investigations into this remarkable cytogenetic system.
The 28 ---38 --20 pathway
Most of the workers who have recovered maize from maize X Tripsacum hybrids have followed the 28 -38 -*20 pathway (Fig. 1) . It was reported by Mangelsdorf and Reeves in 1939 (2), and has been followed by Galinat (5) divisions may be unequal due to univalents and/or multivalent formation; (iv) cytokinesis of second meiotic division may or may not take place; and (v) maize and Tripsacum chromosomes may not be synchronized during meiosis. Maize chromosomes tend to move to the poles earlier than Tripsacum chromosomes. Some details of these processes have been published elsewhere (13) (14) (15) (16) .
Some of the irregular pathways that have led to recovered maize are indicated, in simplified form, in Fig. 1 , and data for 27 of them are shown in Table 2 . The burst of cytological variation in BC4 is derived from a single 56-chromosome BC3 plant which behaved differently from other 56-chromosome plants that we have studied. Since this particular plant is the progenitor of most of the highly tripsacoid maize lines that we have recovered, we present its history and pedigree as follows.
The original F1 was produced by R. J. Lambert using a maize genetic stock heterozygous for 1-c translocation as the female parent and a clone of Tripsacum dactyloides (2n = 72) from Horseshoe Lake, IL as the male. The F1 had 46 chromosomes as expected, 36 of Tripacum and 10 of maize. A few seeds were produced by open pollination (maize pollen) to give a small BC1 population. The BC1 plants also had 46 chromosomes, since the 10 maize chromosomes of the F1 had been eliminated during meiosis and 10 new ones inserted by fertilization. These plants were pollinated with a red-seeded ACR genetic stock to produce a BC2 population, which varied considerably both morphologically and in chromosome number. Most-of them, again, had 46 chromosomes because of the same elimination-replacement phenomenon. It was noted, however, that a few of the 46-chromosome plants were more maizoid in appearance than the others, which closely resembled the Fi. The maizoid plants were somewhat more robust, taller, with wider leaves and stouter stems, and differed qualitatively from other 46-chromosome plants in having paired fertile female spikelets on the terminal inflorescence (17) . One of the most maizoid of the BC2 plants was pollinated by maize line 5406-2, which was a recovered maize stock derived by the 28 38 -1 20 pathway described earlier.
There were 22 plants in the BC3 population, one of which had 56 chromosomes by way of an unreduced female gamete and which produced the spectacular cytological array in the BC4 population. Most Tripsacoid characters found in recovered maize include narrow leaves, thin stalks, high tillering, ears borne on several nodes of a stalk, several ears at a node, male flowers at the tips of the ears and sometimes between rows of kernels, long shanks, short husks, reduced pith in the cob, hard indurate glumes on the ear, deep cupules, increased spacing between cupules in a row, increase in rachis tissue within and between rows, enlarged glumes somewhat like tunicate, characteristically misshapened seeds due to hard glumes, and increase in pedicel length of male flowers (18) .
No gross cytological disturbances were observed in recovered maize. We have not yet seen evidence of translocations, inversions, unpaired segments, or other meiotic irregularities except for two plants with sticky chromosomes. Some lines showed significant decreases in chiasmata per cell and these were most frequent among morphologically tripsacoid lines. A linkage study by Stalker (19) indicated significant shifts in map distances between markers on chromosomes 2, 4, 7, and 9. In some cases distances decreased and in other cases they increased. Whatever chromatin transfer may have taken place in the early backcross generations, the standard maize karyotype was essentially recovered by BC7 and BC8.
We have followed a number of other pathways not described here, but the only system to yield highly tripsacoid 20-chromosome recovered maize lines is the one shown in Fig. 1 (20) finding resistance to anthracnose, fusarium stalk rot, northern corn leaf blight, southern corn leaf blight, common rust, and Stewart's bacterial blight in BC8 populations. These resistances each proved to be dominant to susceptibility when the recovered maize was crossed onto susceptible inbreds. We
